m;

s

. Department of Energy

Lawrence
Livermore
National
Laboratory

="

Preprint
UCRL-JC-144072

Data Transport in a Novel
Wireless Sensor Network

R. S. Roberts

This article was submitted to
35t Asilomar Conference on Signals, Systems and Computers,
Pacific Grove, CA., November 4-7, 2001

June 1, 2001

Approved for public release; further dissemination unlimited



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or the University of California, and
shall not be used for advertising or product endorsement purposes.

This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be
made before publication, this preprint is made available with the understanding that it will not be cited
or reproduced without the permission of the author.

This work was performed under the auspices of the United States Department of Energy by the
University of California, Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.

This report has been reproduced directly from the best available copy.

Available electronically at http:/ /www.doc.gov/bridge

Available for a processing fee to U.S. Department of Energy
And its contractors in paper from
U.S. Department of Energy
Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831-0062
Telephone: (865) 576-8401
Facsimile: (865) 576-5728

E-mail: reports@adonis.osti.gov

Available for the sale to the public from
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Telephone: (800) 553-6847
Facsimile: (703) 605-6900

E-mail: orders@ntis.fedworld.gov
Online ordering: http: / /www.ntis.gov/ordering.htm

OR

Lawrence Livermore National Laboratory
Technical Information Department’s Digital Library
http:/ /www.lInl.gov/tid/Library.html


mailto:reDorts@adonis.osti.gov
http://www.llnl.gov

Data Transport in a Novel Wireless Sensor Network

Randy S. Roberts
roberts38 @1Inl.gov

Mail Stop L-086
Lawrence Livermore National Laboratory
Livermore CA, 94550 USA

Phone: (925)423-9255
Fax: (925) 422-2047

Technical Area: 1
Wireless Communication Systems

Abstract

The deployment and operation of large wireless sensor networks can pose difficult problems, par-
ticularly in time critical situations, over large geographic areas, or in rugged terrain. An approach
to this problem is to use unmanned air vehicles to first deploy the sensors, and then provide com-
munication services to the sensors. This paper presents a network model that describes the flow of
data through such a sensor network. Simulation results are presented that illustrate the behavior of

the data flow in steady state and transient conditions.

Summary

Large networks of land-based sensors are becoming increasingly important for sensing natural
and man-made signals. The deployment and operation of large wireless sensor networks can pose
difficult problems, particularly in time critical situations, over large geographic areas, or in rugged
terrain. As an example, consider the deployment and operation of a sensor network in mountain-
ous terrain. The difficulties associated with hand emplacing such a network are self-evident, and
the operation of the network can be troublesome. With regards to operating the network, many
sensors employ communications paradigms that require near line-of-sight to establish connectiv-
ity between sensors. The use of these sensors in rugged terrain requires a great deal of additional
equipment and planning. In particular, repeaters positioned at appropriate locations in the network
would be required to provide network connectivity.

An approach to this problem under development at the Lawrence Livermore National Laboratory
is to use cooperating Unmanned Air Vehicles (UAVs) to deploy the sensors and then provide com-
munication services to the sensors [1]. In this approach, a group of UAVs deploy sensors over a
region of interest and then logically partition the sensors into sub-networks (subnets), with one
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Figure 1: Illustration of a sensor network containing 124 sensor serviced by 10 UAVs. The
dots indicate the locations of the sensors on the digital terrain image, and the dark lines indi-
cate the paths followed by the UAVs to service the sensors. The lighter areas of the terrain
map indicate peaks, while the darker areas indicate valleys.

UAYV assigned to each subnet. Partitioning the network into subnets allows UAVs to provide com-
munication services to the sensors in parallel while minimizing interference or duplication of
effort. An example of network partitioning and subnet formation is illustrated in Figure 1.

The communication service provided by the UAVs to the sensors is a store-and-forward service.
Under steady state conditions, each UAV orbits a subnet of sensors along a route connecting all
sensors in the subnet. Periodically, a UAV passes over each sensor in its subnet. As the UAV
passes overhead, a communication link is established between the UAV and the sensor, and data
exchange ensues. At the end of the data exchange, the communication link is released, and the
UAV moves on. Data collected from the sensor is stored on the UAV until it has an opportunity to
pass the data to a ground station, or to another UAV, which in turn forwards the data to a ground
station. When the network operates in steady state, data flows from sensors to ground stations in a
periodic fashion. However, in transient conditions (brought about by the network adapting to the
addition or loss of UAVs, or the addition or loss of sensors, cf. [1]) data flow is much less predict-
able.

The transport of data through the network can be modeled by the multiple-input multiple-output
system:

X, = Ax, +Gwp +Lu;



where x is the system state vector, # is an input signal vector, and w is a random disturbance
vector. The matrices A, G and L arise in the formulation of the system model. In this model, the
state of the system is given by the positions and velocities of each UAV and sensor in the network.
The inputs to the system are control signals that adjust the velocities of UAVs in the network,
thereby allowing the UAVs to follow paths through their subnets. The output of the system is
given by:

Vi = flx) +Ev,

where output y is a vector-valued time series indicating available communication periods
between network elements, and v is a vector of random disturbances. Function f( ) is a nonlinear

function that indicates the likeliness of communication between network elements based on the
distance between the elements and other factors. Using these equations, data flow through the net-
work can be describe in both steady state and transient conditions.

The full paper describes the sensor network in detail and provides a complete derivation of the
data transport model. In addition, simulations are provided that illustrate data flow through the
network in both steady state and transient (i.e., during network adaptation) conditions.
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